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Effoite ~.ti-..~Oy”y”h~drofolla on Oaaplalie:ea’nd‘Imrfaoa

bkat~ have fs.equ@~tJy boom ~pdicapp~d by the labk: of la-
“fornration .oa the.chara-teristica of.the hydro.foilk when
near the eurface ,of ths .watar.orwhen breaking the surface.
ha.the pretaetittest. a serieE of hy~xofolle, oau~ eypported
by two struts, was towed at varloua depths .rangiag frem
partial submersions to a depth of 5 chord lengths. Seeult B
a?e.presented.ehowlug the lift and d.r.agof hy.drofo~le hav-
ing “a chomd”df 5 .t.nche?aa a~an .o.$.30inch~s, and for .
angles .of d%hedral o,f..Qti..lO,.,.2,0 ,.and W ● The teete
$ncluded apeada up to .96.f.e.etpar.seoond and llft.forces
u~ to aboUlr~2.50Q.poun.da..The hydrofo.i.lstested included
two aeotlona,. the NACA k6=.~09,.al~f~i~section and~e eection
derived from .the.lij-.6O9.-~y.aa~rpenlng the leading edge.

. . ,... .
At iie_pthe.”greaterthan 4Tar 6 chords the presence of

the fxee water eurface appeared not to affect the lift and
drag. As the hydrofoil approached the eurface, the lift
aad drag decreased and the speed at which cavitation first
appeared on,the.~drofoiL waa Increaeed. In the range of
very ehallow imnmraione (leetathan; shy, l/2 chord) abrupt
changes ia lift and drag occurred when the flow of water
over the upper eurface eeparated from the hydrofoil. Por

.applications requiring that the bydrbfoll.ernerge from the
waterr the.larger angles of dihedral [20° and.30°).appeared
de.eirable.bacauae they produc6d loaa~abrupt dhang~s ta
lift and dsa.g~. .. .

Two”ma3~r offe,ctaof speed were noted; first. a lim- “
itattoti.of tbe,to.talhydrofoil loading poesible (about 2200
lb(sg ft..for-.thedepths teeted) .undqr co~ditionm of com-
plete upper~.aurxace.cavitatio~; and seoond, a.loss of lift
at htgh..mpeeds and low angles of attacks probably ~ue to
lowe.r-eurface cavitation. .+. ....

.
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8T.o-”da*e,thb use- qf.~drofolla on aurfac.ecraft and
seapla.n.eehas been moBtly experimental”. “Althotzghcome
of the.projec”ts’”-maklW~.ugeof h?drof~ils mq.have. contin-
ued for a considerable time, they apptiar to.hav~ achieved
no practical” ap$lhat$ioaa that are In aerv,icetoda?. One
difficulty undoubtedly encountered In ‘thb”effbrta to make
uae of hydrofoils has been the lack of available lnforma-
tlo~ on their fundamental characteristics.

Teate have been mado at the NACA tank that anawered,
:{-....,in part, %hts..nsad for,.preliminary Inforrqation. The first

“NACA #ep”ont“on hydroSo$la (reference +) col+talned data on
“$iassero~dihedral hydrofoils of different ‘aeet%one. Those

., daba gave lift ,and drag ooef~icienta of.ea~h aec~lon aa
‘“affected .by.angle..~f attack, ~epeed, agd depth below the “
atirface. ‘epaeda at which. cavitation first appeared were.....- ““alaogiven. . .. .

.. . .
...... .;.“ ., . .....

Th8 purpose of the ta~ta deac”iibed”.herein-ia to””eup-
-plement the informa$~om given, in the firat report and to

~ ‘“eltendit to includs $he .a.ffpcta qf dihedral, of partial
eubmeraion~ and.of a~.arpeni-ng,the leadlh~ .ed&a.- Data are

‘v~preaented to show..’th,afffec$co..o-fat~hese vpriablg-dupon the
“lift, the drag, an~:the: ~~vltat.iou sp”6b&” T~e hydrofoils
with sharp leading edgea were tested i-n”the belief that,
at $artl~l au%meraiona”~ lea-&.spray.and consequently leaa
drag might result than from the .NACA 16-%OS”aec”tion .
hydrofoils. “ “ - . .: .

.. ,...
. .. ..-

.“
.. DESCBIPTIOM Ol?HYDROFOILS TESTED “

. .
.0

The NACA 16-509 airfoil aectlnn *S bne of a abries.. .
dea~gned for uae at high speeds at which-it la advantagdoua
to-have a preaaure distribution aa nearly.unifofm as p~a-
aible. The aectlon is designed to have.op.timum.character-
Iatica.at p lift coefficient of 0.5 and when used aa a
hyd~ofoil, becauatb:of Its preaaurs dlatribution. would be.,.
expected to have “abaut as high a cavitation. apekd.aa ia
poeaible for that particular value of the lift co.ef’ficlent.

.“ The tdata of”referenca 1 ‘shoW.ed.the WACA 16-509 akcf~ion
would be of mome”advatithge in ma~ntaining aa.tiafactory val-
uea of the lift-drag ratio at sp~eda well beyocqd”~hoae at
which cavitation on the more conventional airfoils would
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oaume a .l~”rgeincre6se in drag. Uonaequentl? it 8e”emed
+e~lrauld”-t”otmploy this Beotion In the present teetieof*.

‘ hydrofoil klth-dltiedkal. Three -hydrofoils”--of’-thdtaoa-
.,tlonhaving d~hodral aagles of 10°, 20°, and 30°mwere
..oohatrudte&.. “,i~’additlod, three hydrofoils with-the same

“’-,dthe&ra~”’angled”+t;with ‘the meotion modifidd”to givu”a
“: sham leadin~’e~~e wero oonstiuot~d. $ectlona.of theme
.“:~~r~~oile, ‘normal”to threechord plane, are ohown tn “fig-

‘m!l!heNACA”26-50!? eeotiozahydrofoil with.”sera di-
h6dial,.which wam uoed’in thb”prevlous tosthimwas rdtestod

,, to f’orrn’a oheek between the.two programs.. All theeo “hy-.

drofo~~o.had tho dmua”proJootad &roa, that 1s, Wl=tnaM
-. “pp&~RtiB &“inoh”ohoid. They”-wore roctanguirir in plan.form
.. with..gqui?mqtip6 and were machined from hard,braae .an~.:.

hiahly”ptillehed- .m “ . . .. “.
. . . ,. .....Hc-.,.

Each hydrofoil waa Bupportod by two struts. Each
strut was 8pacad 8* Inqhea from the center section of the
hydrofoil. The etruta”are bioenvex in eection, approxl-
matel~ 26 inchem longs and tapered toward the hydrofoil.
At-the point of attachment to the upper surface of the hy-

‘“~drofo~l,the struts have a chord of 2.9 Inbhes and a thick-
“q?tie”of3/6 inch; at “the top,. the bhord of the otrut is 4
$nehao and the thlckneota i% 3f4:inch. - The oe=nterline of

;the’:strut interaecte the upper atirface at the half-chord..
‘“”~olnt. .Wlth“the ettitm vb~tlcal, tho angle of attaclr:of

.. “.;the-hydrofoil la “d”~””~Thita.arr~5gWnent (hydrofoil supported”
;from” 3$s hpper surfaco ~y ra.t”her.’.largee.truts)Iwnot idaal..-. “’f%oti”conalderatlone ofm.po”-ew.ibl~“%nti3Pforelaco effocsta. This

.. ; ar~hngement, however, ap~s”hra;tb bk ae~aeeary in applica=
tloas:”brnployinghy&ofo’ila t%’lift n suaf.a”o-eboat or ai.., .... ...:.k~ap-lqne.. . ...” ..-: . ..

.. . .. :. ... .... . .. “..
,. ...’ .. . TOVISM APPAIWNJS -“ “ J “’ “ .:”... . .. .. . ..,J. .:: :.. ..“.,. ● ‘:: ,.:. .. ...

. . . .. .
.. . . “ A ~teeuri~tion of “the X&t$Atank.,tow%ng “c*r&iage’#and..

‘“~he”bethcid”ofxueaeuriztg”carri”tige’“speed id gike-n $* refer-
ence 29 . . .. . .,.”.”:.”

,“ . The “special djnamomet”bi”uded in ”m6asudLng.t&e lift
aad dfhg foroes Is .sho+n “d’tagrammatically in .figure :2.
It.ts of.maaa.ive constructlonj ’because of tlid’ large.f’orces
to be measured, and IB ~uppoitWILb#.4vhe“main’atmotu”ral

: memberq o-fthe oa~iia”gq.-..Thie.&ym~mornetar eat-up %s, An
genemral; the .eamaas that ueed $-or tha earl$ar tas’tsde-
.&rtbed in refere”iiaal,,“ Ohanga”awar. wale, however,. that
Improved the aoouracy of setting the dept% and angle of
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attack~ elimius@ng any change,,.lqdepth as the”angle of
atthck was shifted. ‘Improved ~nr~ng and..dashpot unito
were oonetzuct~d al.ao... “ . ,: . ..“ ~ . , . . .

. . . . . i. . .
!Chemanqembly”a* ~drofoiL ~nd “supporting.-etruts“Is

.boltad to a rigid floating $.rame.im which thsre 1s provi-
sion for conti.nuoualy varykng..tha.angle .of attack and the
depth of the hydqof,oll within a“.wide range. ,“Tliis”floating
f:rame@ muapepded by-li~kagaa fro= twtiIiekvylcantilevar
@pringe,tbo deflectio.nw.of..khfdh are”meawured.by+dial .

.fiagem. Drag &orceta are.balan.ce& by “m combi.aation..af.d”ead
weights and epring reetraint, tihe.epring‘oeingthat of the
regular towing dynamometer as described .in“reference.2.0
Counterbalances aTe provided to minimize the effect of”ver- “
tical and horizontal acceleration. (hide ,rollere re.mtraln
the floating frame against eide motion,

.. .
:..., . . ,.. .. . .... .. . .

.,..,..., . PEicEDuElz:. , .“.. .’ “ ~“:.. ... .. . ... . .. 4 . .

. . .

. . . . . .%.
. .

-,
..” . . .

. . .. -, , The.force. me.aBurements were mati at.-oonatmt epead,
.. .a:ngle.af .attackr nn~ depth”uf submerw$an. Th& range of

. . speeds.in most .case.#ext&nded wall.beyond the speed ‘at
.“whloh.cavitation”star.tad.:At lcw angle= o“f. at.thck~the
. range.of speads extsndti-ta..the maxlmuu .imfi.sitkredpuaeti-

-...:cable with ths..iapparatus~“ The depths re”n,gdd-.from5 chorale
.- - .be”low.thdsurface (maas.ure@.from.the qnarter~choid point

~-of.the center. ssc.tian)!to”part~al..subme”rstoriti.wtth half or
. .more “of the”~dr.ofoi$l area.”out of ,$he u&,ter..~:Ae the angle

of attack uas”.chstn~d,’the depth of the qua~t-er-cherd point
at the Genter section was held constant. There is:them a
slight error in referring to the depths cf tips as constant.
This error is lees ~han the ;.eystematlcerrore involved In
measuring the depth. The angle of.attack was varied from
-40 +0 lao for nkoetof the teste but wae varied over a
eqaller range” fQr t.eetfa at” part-lal.subm”erslans. The .speod
at which cavltati.on first appeared.un “theupper “surface at
each angle of attack was noted. .

Ths supporting. struts were towed alone a% .dif;erent
d.epklls and the restiXt4ng.measuremen.ts of drag wers suw

..tracte.dfrom the measurements ~f drag obtaiuwd with cam-
pLete .asaemblles of struts.andhydrofoil,s. .:The liS.t “
ta~es of bh.e“struts.al.one~..measured.tn*the stimeman.her~
proved to.be.negllgib~e for.all conditions incltie.dAn
.the,t:ext~.,. The drag:.taras of.%he. struts (.f.ig. %3) W6XB
dedugted to faclllt~ke use of.tha data Am designing “.
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.:. . .-

The acouraey of the basic m9”~@~rements Is beli.evad.:to.;;:;
be wtthin the following llmitez :’,,( .“.,. ;~’. :“.“

... .
I“.“:s2:v

Speed; feet per meeond . . . .“. : . . . . . . . G .-.AO.2
Cavitation speed, percent. . , . . . . . . . . .. . .,;: ?%? l-,
Depth of Immerelon (below free water siarfade);..ti

inches . . . . . . . . . . . . . .. . . . .. . s,=+ :
Angle of attack, degree B . . . . . . . .. . “.-.’:.... W1.1
Drag~ po,unde.. . .. . . . . . .*lsO below cayltat-ton ~p~ji ~,

.. . .. . *6.O with.heavy .qavltatlon
Lift, pounds . . . . . . . . *lO.O below cawitatlon epeed

*20.O with heavy cavita.li~ v
. . . .. ...1.

Atathe amount qf cavitation “Lncreased, the aoc.ompany- >
‘~iag’vibrattoa caused the force measurementa.tb .%e..l.wa
accurate.

.-,. . ,. .’.

. .

.EXPERIli3tHTAL%E.&LTS “ . “
. . . ..-. . .. .. .. . .
.“’. :. .,.,-..

..
. .. .. . .

, .“!Ch6“6~&4+’ental reqjzltsof.tests of hy&ofqils..with... ,:

the EAGA16-609. eectlon are presehtsd ae curves of lift and
drag coefficients ~lot~ed Bgain~ ap.oedin f-igu?e@.4.$o 16, .
8imUa~’”r’eauite obtain.ddfor the~hydrofoils:”wtikthe podi-
fled BeatIon are not given in their entirely.but are dia-
cueeed later in this report. Uach ftgure ehowe the va.r.~m-
tlone of the coefficient with ohange in epebd $or:cohethnt -
valuee of the angl,e.q$ at.tac~,~pd.a,conataat dqpt.h.~lo~
the und”laturbed water lsurfabeti.Tk?.~30west ipee~ at.which
-cavitation was obae~ye~+.o.n~~theupp48r sqrfac~%pf the hydro-
foil’, for a.given an~le af-atta”ck,-.ieIndlcqted oq.th.e
‘corretipondingcu.hweby e small arrow. With the.:test..set-
up used, it was impracticable to determine the..Bpeed at
which cavitation occurred on the lower atififa.co. ..

.... j.;%:.ti

Curwos have2qpt be.qpfaL~.ed through +vcxy ,sot.Qf po%nt~
. .at eon~tant angte of fit.taek~~.$~tho.hyd~ofu”kl~~ati$~y.E@-

merged, because the grauplng. of potntw repr~~nt.lng the
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..

..~.:The observe~ fokcea.&e’ reduced to coeff~clentta anal-
ogous to the usual aerodyaamia form:

()

,.

CL :.L ‘ “lift ooeffi.cient —
& psva)

,’. . .. . . . .’
., .

. . ,.~
. .

. . .

(*E...
kaaa. denei~y

..m. . for $heae
.. ....
v ,. eipeed~ feet.p6r Beobnd

. . .
. .

a
. .

.

of water,.”.l.968aluga’per cubic foot .
te8t13” . .

. . .

. . s ,,pr.oj.eeted8rea of hydrofoil~ 1;042 equare feet.fo~ ... .. these teat8 ...;.. .

Tho ReynoldeI numbe~ (R = ~V~/l.L)for any of the data .
“may be computed by.uelag the.values.

w average absolute viecouity of tank waterb 29.25 X 10-0
eluga per fbot per ee”oou~ for these te.et~.....

.R = 86,500 v

.,.. . . . .
“. .f

... .
.,.. . .

. .

.. “

The f~llawlng.”additional eyrnbolaare use~~ .. ... ...,..., .. ...

+... geometric angle of.attack OS hydrofoil ’meaaurea ,be-
twesn ohord iine at.oentet “section and free water
●urface . . . . . . . .

.,.
-,..

8 ohord of hydrofoil
-.

.“VO“ .speed at whioh. oavitati:on w.88 fliet obssr”ved.o.nthel
upper .euaface.c fee’t” per aoqoriU .. * 1-:..
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= ,. .,.,.. . .. ,. .. .
----- ... .-. . ~$fe#$’:d.:l)~tA , - . . ... t . .. . .. . .. *

, ,,. . . . .: . . .. . . .
. . . . . . . . .

,. .,. . ‘.The”effect of dspth.Qk lift coefficient fdr..tlm lUOA
. 16+09 seetien 1s”shown ia fZgure”16 for ang~ea .of:attaek
of OO. 2°, 4°, and 6° and dihedral anglea of 0°, 10o~ 200~
and SOO. This figure preaonta curves fairod through

...- pointu.takm from the ’fnire.dcurv.aeof figures 4 to.1~.
Points are a~so ahowm representing tho ~airad data ~az,the
aootion having a.Sharp leadtng edge, . .

. .
The flow of water dver a hydrofoil at depthe.gtieater

than 4 or 5 chords 10 apparently not Influanaed ~ thm
eurfaoe of the wate~~ and conditions eimilar to “those for
an airfoil prevail.

At lesser depths (for example, 1/2 to 4 or 5 chords),
the Influenoe of the olaifaaeof the water ia evident from
the decrease In lift and the inarease In aavitatlon epeeda.
AS the hydrofoil, while moving with a constant forward ve-
locity, approaches the surfaae, there 1s a reduation in
the mass of water flowing above the hydrofoil, This change
aauaee a reduation in the abaolute value of the negat~ve
preesuree on the upper surfaae of the hydrofoil.and results
in a reduation in lift. The reduction in the absolute;val-
uo.of the negative pressure requires that, for cavitation
to.appear, the speed must be greater for the lesser depth.
(See fig. 17..) The method of aomputlng cavitation epeeds
given in reference 1 makes no allowance for thla effect.
of decreasing depth.

. .
Ab ver~. shallow depths (about 1/2 ahord), a more ?r

~ ‘l”OSBfiitiddenbreakdown of the flow over the upper surface
“‘obaure, For the IIAOA 16-509, or the modified eharp-noee,

.’ . “taeation at an angle of attaok above 4°0 the breakdown of
flow mcaurs near th~ leading.edge,.the water eeparatlaag

~ almoet completely from the upper surface, leaving nearly
the whole ’ohord v~qtY.lated. At low anglee of attaok, the
breakdown of flow is leee euildetiand oacwra at a lesser
depth. The breakdown OS flow may ooaur Iaoompletely and
Unsymmetrically spanwise, tta spanmise extent apparently
.depeading on the-.a=gle of diliedda~’.and-onthe rotaghnooa
of tho ●arfaoe of the water. Either smooth flow or eepa-
rated flow oveT the upper au$Yace may occur a-ta givem op-
erating coaditton,’ and .a~ternation..betwe.entho two types

.of flow ma? oaoui. (see ftgs. 60 9“~13, and 24.) When
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separation of the f~~w,$znti~m:@vs upper surface is definitely
ostabllehedo the changes of lift and drag with ohange in
angle of attack ,a-rr%,vesY ~1~:.in comparison with the
changes that occur when the flow is smooth over the uppe~
surface. (See fig. 18.) When the hydrofoil approached
thay?ree surface.,.the..>~e of low anglee of .@ttaek appeare)..:,.
~sirabla in nrder to .reduoe tho eeyerity a? *ho t~ansi-.......

,.. , t:$o?to planing. ~ .1’ “...,
.. .. .

-.. ~ TQ~al pro~ectad” areas were.used In cOmputirig’the.coef-
ficlpnta to .facilltat”e.uap cifthe.data In deei.it i.:The.
abrupt ohange in the elope of the curves (fig..16),ae the
tips emerge therefore represents a~ abrupt change in total

.- l~f.tand not necespar~i~..an abrupt change in section char-..
?Q.ter.iet.ice~.”Ylgure 16(c) .S40WFJone plot ~af coefficients...

-.-: .,biae+Con pro~eated area.of the .eutpnergsdportloni.oj?the
hydrofoil. 4. ....

‘. 9 :. ““- ‘“ “ :, .. .
● . ...”

.* .”. CQmparl.60-n.of Tank.and W3nd-Turinel..Torn~@..”:.,.’. ...
.,.. ,,,.~.. .“.*.-.. ..

.,.,...?.. S?~~a 19 BhowE & compa.rlaQn of t,e;treaulte .an the ‘.“..
19&lA.167509 sect.~on.from te~ts in. the I?ACA tpnk .apd.,th.o

.2+in@ high-spoe~ t.unaal. The reeults of toBtq.dn the... . .
.. .. qi.nd,tunael.afagiveq.in reforenoe 3.wer.acozvr.crtw%.toan

..... . .asp~+ ratio of six fartth~+ comparison. Tho ~r~g.,coef-. .
.. f~c?pqta moasur.ed in ~he.tank and given In ragorance 1

::* “...-j.i3udedded.,8.trutdrage; Iconaequ.antly,.t.hafatruttaree were
.. ““dod~ctod from the published values for the pury~so of,mak-J.

Iqg .t.hlecompa~ieon.%.L):..:”:1.. The.,data from the present. teet~.were
!- ~or.$he sero=dihedral.hydrofo.tl at 40 feet per faecond.

.,
The agreement between the two series of.tank-tests iB

-,. :.good, Agreement between taqk and wind-tunnel tests 1s.
....reasonably good except for lift at high angl+s ofattqck...
:Opo.reaaon for the dlscrep,anoy.In thp lift,curvee is un-,
..doubtedlyth# presence “of the relatively large struts.used
, tn the tank tests. The agrpement is, on the whole. good
enough to support.the belief that for preliminary design

.’.involvtng hydrofoils operating at depths greater .t.han4 or
5 cihords, and at low opeeds, ?ind-tunnel, data may be used...

..

.. iij?feotof D~he&al ....;.. . .

.. ..
. . ..The:effict of dih~dra.~~1~ &ho.wnin figur’e 16. T~e

Mghest dibe4ral &UWle:USQds 300,;gave tho highest. lift.-..
.“fcmcq@ at pe+r..tlaleub~er.s$ons for.a given emersion of the
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tlpft. ‘“.Th~oreault:.lfIumdoubtkdly due.to the
. gersed a,rer-,andthe greater average depth-of

for. a hy@ofoil with-high dihedral” operating

greater inL-
that area
at the.●hm.

tip eme~eion am a,hydkofoii with low dihedral. ~he chaage
iq lift. from oomplet~. immersion to sero immersion 3. more
gradua~”-for the hydrofoil with high dihedral thmn-f’or.a
“~d~ofoil with low dihedral. If the idea 1s to secure.a
rela$lvely gradual drop ih lift au a hydrofoil omergea

‘frpm thb water, as ia a flying-boat applicmt~ont as high
a dlhe~ral ae is conelwtost with other vequiremeuts appears
desirable, “ .... “.

.- “““l:mf“@ure”16 th~ point. plotted at sero lift eoef-
fiele=t for each aagle ef dih.dsal were aot obtained ezpgs-
tmontally but wera ob~atned by aspuming that the lift would
be.seio.whea the quarte$-chord ptiint of thq oenter section
“.i~at.%he free surf~ee”of th~ wate~. It AS probable that
eom,eplanifig llft is Qbtatned from the luwex surface at
this locatioa of the hydrofotl but it would be negliglhle.
A auiumary”ofthe effqeta of dihedral IB ehown in figure .2~,

. .. . .

“Effeut of Shape”of””Eou~

The effect upon lift and”drag of sharpenln”s.the $e;d-
ing edge,”aa”ehow~ in ftgure 21s. varies.w.lth speed.and ..
angle of attack in such a way that neither section appears~
.in general, to be definitely euperlor to the other. con-
siderably more data were obtained than are included in”
this report. Thdae In”figure 21 appear to be typical of
all the data obtained and a more thorough analysta cif th~ “
effoet appearo un~ustified except for application aome-

““whatmore @peciflc than may be aaaumed at “preseqt..
,.

“~hcr“effect of sharpening the leadlng edge.u~o’n the
volume a“adtrajectory of the spray for partial .aubmeseioaa
wa8 tiotdeternised quant$tattvelym During repeated oba.er-
vationa of the e~ray thrown by the two ?eqtlon~ao e~gaif-
ioant dlfforenaeo appeared. .“

. .

Xffeci of”Speed “ . ~..

The ~ffeot of-epeed on the oharhcterie.ti.ca.of a 36-509
~dsofoil %e show~ln fi@reo 4 througla.15. l?woprinc~pal
effoctta of tapeedmay be noticed: first. there 1s a limit
to-the”maximum hydro~oil loading” that oan be de~e~oped at
the higher angleB-o~ attaak; and second,. a mmplete 108c of
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7; . ‘The l,imitatlop on the ,maxim’&mLift id.,a.result o~ eom-
.plbte upper- Btirfaoe.c~vt.~qtion. . (:Seefi&~”9.) . ‘Th,fer,e-

. WuIt ..reriftea t,hs.lr.qeqlte.,..ind$eated.iri..figxzre.%(d) of .fefer-
. .-’ence .1. At the.de”pthsused ,.inthe tasta, thie ~xlmuti. is
appToxf~t el~ 2.209pounds per .sq.uaTefoot; that.1s, ‘approxl-
‘mat.elyeqtialto.the “k~. of.the at.mo:spherid~re~sure and..the
tatatlc-p”r~ta..aur.ehead of.water .a.hove.-%lw h.ydrof 011. (Lower
taurfaee‘lift.~“~.q.ontlnu%to .inorsase with speed. ) “..---- *.. . . . .. . . .

Lotasof lift at low angles may be due to pavitatlon
on the loper. .ay,rfafe,,of,tb $y@~-gfoi3i .The.apeed”:at?hlch
aa.wltkt~on flret appeared on.the’lower ourfac”eaould nbt

“.’---b&dkt-drhipedrbeeau.ee...t~ lhowareurfBee.cbuld.not.be.iae~n.
. ‘.” Tlw”prea?nce of”l“ow-pressure areqe.on the.tinder”.tatirface..of

1 the.hy&rofo~l was indicated,by faint 8treamerk of “ca+lta-
“.tion“bubblbaX-.W.~lch.could bq:seep leaving the. lower Imutface
at %he”trailthg q~~e during.tests .at.liigh speeds and low

-.anglee.of attack. If a 16-509 .eecitlohhydrofoil’”ia ueed
,. on $a Iilgh+spebd.surface craft~ it may be neceataary to avoid

the use of anglea of attack Ie”tasthan about 4°. This ef-
feot of speed upon the .lift.at.low ‘angles of attack appears
more striking when the total lift In pownde (for the model) .
rather than the lift coqffiql.eat is plotted, ae ta the

..dkshtidouTve.of .tigure 12.. X$ tbe lo,es..of lift .qthigh
., epeed% and low .an~lQa of attaak IB caused l~rgely ‘byvavl-
,“.,tattoh“on thd lower surface, a seat’ionhaving leee uamber

than tha 16-509 pect.ionmay prove .$o be muoh bettdtifoF .
faome”applicatio.nfa. .. .

. . ....

“The bi.co,uvexe“ectionaue.ed.fok.etrut~ain thej~pres”en$
tests, while .requiripg relatively elmp16 machining for
manufacture. evidently are not the best eectione for use
‘In supporting hydrofoils.below a. aeaplahe or.eurfhcb boat.
A $ettdr :form such aa the.15-009 section {Bymmetriqal,’?
.perc&ht.thick) deeigqed to have a nearly.fla~ pressure. ~le-
“t%ibqtiotiat SQZO ,lift would bs’bdtter.. Albu, the farm of
Intoreectl”on of Btrut and hydrofo%l.used in thb teeta I@y
be improved upon. Observations of the cavitntlon that ap-
peared during the tests at high speeds and low angles of
attack were of considerable interest..ln showing the exoee-
eive drag contributed by the etruts and by Interference.
Cavitation f,iret appeared in the region of .Int.erferb,h.cebe-
t~~eenqtru~~ a~d..hydrofl.oi.l,nest on the etrtite,and l.a:ptly
OK t“hehydrofoil I$aelf. :In thb.de~elopment uf an effio~ent

.e@~embly of hydroftil aud tauppor.tlngetruts, obaerva”tiorieof., . .. .. ,.
.,. . . .
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the cavit.a’t~o~at.h~~h &peeds “shouid~‘p}$$s“:ye~~valuable .
,inr.ag~-d,ly-.~~.oati=g the regions .ln~,.~lilcla,rnpdlficti$ions
would’be d&rn-t’r4blo.,; ..:“. “.’~ .:-~;::,I“j:-,:: ........ ..... . .1:..-.... . .‘1 ., ...... ..

COMCLUSIOIW
.../. . . . . . . . ...... .. . ..

The oonolualons liutsd below ar~ baee~:o.iitests of
an aesembly approximating an arrangement ‘for use under a
seaPlane or a eurface boat.

1. At depths greater than 4 or 5 ohords, the Influ- ~
ence of the surface of the water is small and a hydrofoil
operating at low speeds will have characteristics similar
to thoraeof an ai.rfql>of the same aactign. Pr.eliminasy
design eatimatea, Includlng .eatlmatea of ca+ltatibn apeeda,
may .bemada on tbia baai.a. In .tlae..~angeof..depthabetween
about 4 or 6 chords and approximately l/2 cliord,lift and
drag forces decrekae and cavitatlou apeeila Increaae aa the
murface ia a$proach.ed-,J.n:tber~gZon of very ehallow im-
mertaiona,(leaa,t.hancl/@.,~hQrd.), eudden ‘changeo”in.lift are
likely to occur and the exaot condit~one under which the .
abrupt change.~.ll.l.:o.c+r oa.nnot~be safely predicted... . .

,“”” .,

2. Po; appl<ca.tio’rie.,such.a; a a.ea?”lane,in mhich the
hydrofoil must emer e from the water, it appeara that large
angles of dlh~dral ?)300 and low anglea of attack will be
desirable, aa they afford smoother change from complete
submersion to zero aubmeraion.

3. If a sharp leading edge seems dealratle for some
reaaon8 no great pen~lty In lift or drag 18 neceaaarily
paid for a alight modification of a section such as the
16-509.

4. Two major effects of speed may be noted:

(a) A limitation of total hydrofoil loading
under aonditlona of complete upper-
aurface cavitation. This llmlt ia ap-
proximately 2200 pounds per square foot
for depths tetated (25 In. and less).

(b) LOUS of lift’.on the 16-509 aect$on at high
apeeda if low anglea of attack (below 4°)
are uae.dcprobably due to lower-surface
oavttatton, ,

..
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.5h Addition@. teata<would b-e.deslrq~le to.inveatlgate
. the o@araot e~ts.~lo-mo.?,hydr.ofo+1a at.higher- epeeds and
with lower cambers and to inverstiga$e,$-hp.~eff.eqtof.modify-
ing the taectl.onof the struts and the form of the inter-
aectlon between a hydrofoil and its supporting struts.

.. . .,..
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